The observations show that when a completely amorphous layer ;s produced by ion implantation at room-temperature, epitaxial recrystallization onto the single crystal substrate during annealing at 600 0 e leaves a dislocated surface containing secondary defects. There appear to be a significant difference in the number of defects per implanted ion between room-temperature and 600 0 C implants, when annealing to aoooc and 900oC.
Sheet-resistivity measurement showed that, above a critical dose, room temperature implantation followed by a 600 0 C post anneal is substantially more effective for achieving electrical activity of the phosphorous than is implantation at 600 o C. But 600 0 C implanation followed by aoooc and gOOOe post annealed is more effective than roomtemperature implantation. The observed annealing behavior is explained in terms of defects that form during the recrystallization process.
INTRODUCTION .
For heavy ions of phosphorous implanted into silicon at roomtemperature zones of severely damaged material are produced in addition to isolated point defects around the periphery of thezones~ If the damage is not annealed during the implantation, an amorphous layer.
is eventually formed where the individual damage zones overlap. (1.2) . An annealing treatment is then required both to return the sample to.crystallinity and to put the phosphorous. atoms onto electrically active sites {generally assumed to be substitutional positions).
It is thought that the activation energy for epitaxial recrystallization depends on the Radius of the amorphous region and to a very r.ough approximation, the ratio of the recrystallization temperature for.
an amorphous region of radius R to that for an infinite volume. (e.g. a flat interface) is given by In an effort to determi ne the effects of recrysta 11 izat ion according to these two different mechanisms on the secondary ion implantation defects, implants were performed to the same dose but at two different temperatures, room-temperature and 600 0 e. Transmission electron microscopy was used to study the detailed nature of secondary defects formed by the ion implantation and subsequent annealing. Four-point probe sheet-resistivity measurements (23, 24) were used to study the electrical property changes during the annealing. The annealing characteristics of layers implanted into silicon at 100 KeV with dose 2 x 10 16 ions/cm 2 were measured and observed following isochronal annealing to gOOoe.
Room-temperature implants remain amorphous below 600 0 e and are not useful for most practical applications. gOOOe was chosen as the upper annealing limit beyond which long~range diffusion would destroy any advantage of profile control offered by the ion implantation technique.
This thesis reports on the measurements and conclusions of the study to date .
EXPERIMENTAL N-type silicon wafers, 5 n-cm of (111) and (100) orientations were irradiated at both room-temperature and 600 0 C, with phosphorous ions at 100 KeV to a dose of 2 x 10 16 ions/cm 2 • The dose was chosen so as to produce a continuous amorphous layer in the room-temperature implant.
Pieces 1/2 in. x 1/2 in. were scribed from both (100) and (111) wafers for sheet resistivity measurements. The sheet resistivity 'specimens were annealed isochronally from 600 0 C up to gOOoe in lOOoC intervals for 20 minutes in a quartz tube furnace with dry nitrogen passing thro,ugh it. After annealing, the sheet-reSistivity measurements were performed by the four-point probe technique. After measurement, the pieces were ultrasonically cut into discs of 3 rrm in diameter. They were then chemically thinned in a solution made up of two parts (3HN03:1HF) to one part (2.5 gm 12 in 1100 ml CH3COOH). The thinned samples were examined in transmission in a JEM 7A and a Philips 301 transmission electron microscope operating at 100 KeV.
RESULTS AND 01 seuss ION
A. Electrical Properties:
Implantation at Room-Temperature:
The changes in resistivity of (111) and (100) specimens phosphorous implanted at 100 KeV at room-temperature are shown in Fig. 1 during an isochronal annealing sequence.
There is a steady decrease in sheet resistance, between room-temperature to 600 0 e, as the anneal temperature increases.
Webber, Thorn and Large (22) These loops were analyzed by tilting the specimen in the microscope and examining both dark and bright field images.
All these dislocation loops were determined to be interstitital type. (27, 28, 29, 30) The streaking in the diffraction pattern could arise from thin platelets or rods and could be caused by a high concentration of dislocation loops lying on planes perpendicular to the foil surface.
C. Annealed to 900 o C:
Dislocation networks were generted lying approximately parallel to the foil surface. It was confirmed by Tamura (30) using the g.b. = 0 criterion that the dislocation segments A. Figure 5 shows that an amorphous layer was no longer formed during implantation; black dot defects and complex dislocation entanglements were observed.
B. Annealed to BOOoC:
Figure6A and6B shows these defects grew into dislocation loops. Comparing these pictures 6A, 6B, 6C and 60 shows that defect density is different. It can be seen that 600°C implantation followed by an BOOoC post anneal 20 minutes results in lower defect density. This may explain why we get lower resistivity in 600°C implantation followed by an BOOoe post annealing.
CONCLUSION
A detailed examination of the changes in electrical conductivity and secondary defects formed during post implantation annealing of phosphorous-implanted silicon has led to the following observations and conclusions:
The results presented show a strong correlation betwen the electrical activity of phosphorous implanted silicon and its appearance in the electron microscope {e.g. the kind of defects, density of defects}.
{i i} It can be seen that 600 0 C imp 1 antati on fo 11 owed by 800 0 C annealing reduces the defect density compared to roomtemperature implantation and 800 0 C annealing. 
